R eactive systemic aa amyloidosis can complicate chronic inflammatory disorders that are associated with a sustained acutephase response. AA amyloid fibrils are derived from the acute-phase reactant serum amyloid A protein (SAA) protein through a process of cleavage, misfolding, and aggregation into a highly ordered abnormal β-sheet conformation. 1 Amyloid fibrils associate with other moieties, including glycosaminoglycans and serum amyloid P component (SAP), forming deposits that disrupt the structure and function of tissues and organs. 2 SAA is an apolipoprotein constituent of high-density lipoprotein 3 that is synthesized by hepatocytes under the transcriptional regulation of proinflammatory cytokines. 4 The median plasma concentration of SAA in healthy persons is 3 mg per liter, but the concentration can increase to more than 2000 mg per liter during the acute-phase response. 5 Sustained overproduction of SAA is a prerequisite for the development of AA amyloidosis, although for reasons that are not known, amyloidosis occurs only in a small proportion of patients with chronic inflammatory disorders. 6, 7 Few systematic clinical studies of AA amyloidosis have been reported, and recent data on its clinical features, natural history, and long-term outcome are scanty. We report the clinical features and course in 374 patients with AA amyloidosis who were followed at a single national center during a period of 15 years. In addition to conventional clinical follow-up assessment, the amyloid burden was estimated annually with the use of SAP scintigraphy, and the plasma concentration of the AA amyloid precursor protein was monitored by monthly measurement of SAA.
Me thods

PATIENTS
We included in this study all 374 patients with systemic AA amyloidosis who were referred to the U.K. National Amyloidosis Centre during a period of 15 years, to August 2005. The diagnosis of AA amyloidosis was confirmed in 320 patients by immunohistochemical testing and in 54 patients by noninvasive means. Inclusion criteria were amyloid deposition on SAP scintigraphy; evidence of an overt chronic inflammatory disease, no mutations in the genes encoding transthyretin, the fibrinogen A α-chain, apolipoprotein A-I, apolipoprotein A-II, and lysozyme (to rule out hereditary forms of amyloidosis 8,9 ); negative serum free lightchain assay; negative monoclonal immunoglobulin screening, including the use of serum and urine immunofixation (to rule out monoclonal lightchain [AL] amyloidosis 10,11 ); and the absence of neuropathy and of cardiac amyloidosis, both of which are uncommon in the AA type of amyloidosis. A biopsy was performed if any of these criteria were not met. The study was approved by the ethics committee of the Royal Free Hospital, and all patients provided written informed consent.
CONGO RED STAINING AND IMMUNOHISTOCHEMICAL TESTING
The Congo red method 12 was used to detect amyloid in tissue sections. Amyloid was identified as the AA type on immunohistochemical testing with the use of monoclonal antibodies specific to SAA (Euro-Diagnostica). 13
CLINICAL ASSESSMENT
Patients underwent an initial clinical assessment and annual review at our center. Blood samples were scheduled to be obtained monthly to determine the SAA concentration, and a mean of 10.6 samples per patient per year were obtained. Quantitative estimation of the distribution and extent of visceral amyloid deposits was performed with the use of whole-body 123 I-labeled SAP scintigraphy. 14 Blinded assessments of amyloid deposits were performed at baseline and annually by an investigator with expertise in the interpretation of SAP scans. The whole-body amyloid burden was classified as 0 when there was no abnormal localization of the tracer; as small when uptake in one or more organs was discernible but the intensity of the blood-pool background signal remained normal; as moderate when abnormal uptake in one or more organs was sufficiently intense for the bloodpool background signal to be partially lost when the gray scale was normalized to encompass the target-organ signal; and as large when the bloodpool background was lost with adjustment of the gray scale to encompass the target-organ uptake.
Regression of amyloid was defined as a reduction in tracer uptake in affected organs or an increase in the blood-pool background signal, or both; an accumulation of amyloid was defined as an increase in tracer uptake in affected organs, an abnormal tracer uptake in a previously unaffected organ, or a decrease in the blood-pool background signal; and a stable amyloid burden was defined as unchanged tracer localization. 15, 16 Clinically important organ involvement and changes in or-gan function were defined according to international consensus criteria. 17 Deteriorating kidney function was categorized as either the onset of end-stage renal failure, defined by a requirement for long-term dialysis, or as an increase of 25% or more in the serum creatinine concentration or a decrease of 25% or more in creatinine clearance measured by 24-hour urine collection. In patients in whom the serum creatinine concentration or creatinine clearance did not deteriorate by 25% or more, renal function was deemed to have deteriorated if urinary protein excretion had increased by 50% or more and by more than 1 g per day (24 hours 
STATISTICAL ANALYSIS
Survival and time from the diagnosis of amyloidosis to end-stage renal failure (dependence on dialysis) were estimated in Kaplan-Meier analyses. Changes in renal function were analyzed in the subgroup of 257 patients who had a creatinine clearance greater than 20 ml per minute (0.3 ml per second) at baseline -that is, those in whom progression to end-stage renal failure was not deemed to be inevitable. Relationships of a variety of factors with survival and with the development of end-stage renal failure were examined with the use of Cox regression analysis. Potential covariates were categorized as factors that were fixed at the baseline assessment (age, sex, race or ethnic group, calendar year when amyloidosis was diagnosed, initial amyloid burden and renal function, evidence of hepatic amyloid, underlying disease, and duration of inflammatory disease before diagnosis) or as factors that could vary between annual followup assessments. Race or ethnic group was selfreported. Factors that could vary (changes in amyloid burden, serum albumin concentration, median SAA concentration, creatinine concentration, creatinine clearance, proteinuria, and the development of end-stage renal failure) were incorporated into the Cox model as time-dependent covariates. The data set that was extracted consisted of yearly summaries (medians) of SAA values for each patient (e.g., the median SAA value for year 1 was calculated as the median value of all the measurements obtained during the first year of follow-up), and these values were updated in the Cox model at yearly intervals. Changes in the amyloid burden were assessed annually and updated in the model at each annual follow-up assessment, along with renal-function status and serum albumin concentration; end-stage renal failure was incorporated in the model as a binary variable with a value of 0 before the onset of end-stage renal failure and of 1 thereafter. Continuous measurements were categorized into octiles, and unadjusted relative risks were examined to assess whether it was appropriate to simplify the models by including each measurement in the model as a continuous covariate (possibly after log transformation). Variables that were significant in the univariate models (P<0.01) were analyzed in a multivariate regression model with the use of a backward-selection procedure and SAS software, version 9.1.
R e sult s
BASELINE CHARACTERISTICS
Baseline characteristics of the 374 patients are listed in Table 2 . The most frequent underlying disorder was inflammatory arthritis (Table 1) . Rare causes of AA amyloidosis included vasculitis, sickle cell anemia, malignant disease, epidermolysis bullosa, and cyclic neutropenia. For 23 patients, the precise nature of the inflammatory disorder could not be established, despite extensive investigation. The median duration of symptomatic inflammatory disease before the diagnosis of amyloidosis was 17 years, and there were no significant differences in latency among the various underlying disorders.
The predominant feature of amyloidosis at diagnosis was renal dysfunction; in 97% of patients, more than 500 mg of protein per day was excreted or the serum creatinine concentration was more than 1.5 mg per deciliter (133 μmol per liter), or both; at diagnosis, 41 patients (11%) had end-stage renal failure. Median protein excretion among the 333 patients not requiring dialysis was 3.9 g per day (interquartile range, 1.9 to 6.3); of these patients, 12% had urinary protein excretion of more than 10 g per day, and 2% had urinary protein excretion of more than 20 g per day; the serum albumin concentration was less than 3.5 g per deciliter in 184 patients (55%). Among those not requiring dialysis, the median serum creatinine concentration at baseline was 1.2 mg per deciliter (interquartile range, 0.8 to 2.4) (106 μmol per liter [interquartile range, 71 to 212]); the serum creatinine concentration was less than 3.0 mg per deciliter (265 μmol per liter) at diagnosis in 75% of patients.
Hepatomegaly was present on examination at baseline in 35 patients (9%), but hepatic amyloid deposits were evident on SAP scintigraphy in 85 patients (23%). Serum alkaline phosphatase concentrations greater than 1.5 times the upper limit of the normal range (which varies according to age, sex, and method of analysis), a value that is widely regarded as suggesting liver involvement in amyloidosis, 17 were present in 21 patients with hepatic amyloidosis but also in 25 patients who had normal liver signal on SAP scintigraphy. The median SAA concentration in these patients was Patients for whom at least one follow-up assessment was available were included in the analysis. In Panel A, the median SAA value is indicated (P<0.001, by the Kruskal-Wallis test). In Panel B, the median SAA value during follow-up was 6 mg per liter in the 54 patients whose renal function improved, 8 mg per liter in the 38 patients whose renal function was stable, and 28 mg per liter in the 86 patients whose renal function worsened (P<0.001, by the Kruskal-Wallis test). Within each category of change in renal function, median values of SAA differed significantly among patients in whom the amyloid burden had regressed, those in whom it remained stable, and those in whom it progressed. For patients whose renal function improved, median SAA concentrations were compared with the use of the Mann-Whitney test; for those whose renal function remained stable or worsened, significance was calculated with the the Kruskal-Wallis test. The change in the amyloid burden was measured with the use of 123 I-labeled SAP scintigraphy. The dots represent the median SAA values for each patient, and the lines represent the median values in each group. 51 mg per liter, a finding that is consistent with increased production of alkaline phosphatase as an acute-phase reactant. No patient had jaundice, elevated serum aminotransferase concentrations, or hepatic synthetic dysfunction.
Cardiac failure attributable to amyloidosis was present in only 1 patient, and findings consistent with cardiac infiltration were present in only 2 of 224 patients who underwent echocardiography. No patient had symptomatic autonomic neuropathy, and although adrenal amyloid deposits were evident on SAP scintigraphy in 41% of the patients, only five required long-term adrenocorticoid replacement therapy.
SAP scintigraphy was diagnostic of amyloidosis at baseline in all but four patients, each of whom Copyright © 2007 Massachusetts Medical Society. All rights reserved.
had nonfunctioning atrophic kidneys and had undergone splenectomy. In 370 patients (99%), the scans showed striking splenic amyloid deposits, and in 331 patients (89%), the scans also showed renal or adrenal deposits, or both.
CLINICAL COURSE AND OUTCOME
The cohort was followed for a median of 86 months (range, 2 to 447) after diagnosis, representing 2673 person-years. Forty-seven patients (13%) were lost to follow-up, and data for them were censored as of the date of the last contact. A total of 221 patients underwent serial SAP scintigraphy; in 27 (12%) the amyloid burden increased, in 107 (48%) it was unchanged, and in 87 (39%) there was evidence of regression from baseline to the most recent followup assessment ( Fig. 1 and 2) . SAA values were significantly lower in patients in whom amyloid deposits regressed (median, 7 mg per liter) than in those in whom the amyloid burden increased (median, 54 mg per liter) (P<0.001).
A total of 163 patients (44%) died, and the median survival from diagnosis was 133 months (95% confidence interval [CI] , 100 to 153) in the Kaplan-Meier analysis. The median SAA concentration during each year of follow-up was strongly associated with survival (Table 3) ; the relative risk of death among patients with an SAA concentration of less than 4 mg per liter (the lowest octile) was almost 18 times lower than among patients with an SAA concentration of 155 mg per liter or greater (the highest octile). Even among those in the second-lowest octile, the very modest elevation in the SAA concentration of 4 to 9 mg per liter, which is widely cited as within the normal reference range, was associated with a risk of death that was increased by a factor of 4, as compared with those with SAA concentrations in the lowest octile.
Other factors associated with increased mortality were older age (relative risk of death, 1.53 for each additional decade of age [95% CI, 1.34 to 1.74]; P<0.001) and end-stage renal failure (relative risk, 2.97 [95% CI, 2.10 to 4.21]; P<0.001) ( Table 4) . In contrast, underlying periodic fever syndromes and evidence of regression of amyloid on serial SAP scintigraphy were both associated with reduced mortality (relative risk of death, 0.36 [95% CI, 0.14 to 0.88; P = 0.03] and 0.13 [95% CI, 0.02 to 0.94; P = 0.04], respectively) ( Table 4) .
Among the 257 patients who had a creatinine clearance greater than 20 ml per minute at baseline, 59 (23%) had progression to end-stage renal failure; the estimated median time to end-stage renal failure from diagnosis was 256 months in the Kaplan-Meier analysis. The relative risk of endstage renal failure was 1.24 (95% CI, 1.08 to 1.43; P = 0.002) for each doubling of the SAA concentration. Among 178 patients for whom at least one (Fig. 1) . Among the 92 patients in whom values for creatinine clearance remained stable or improved, the nephrotic syndrome abated in 33 patients after a median of 29 months, as defined by the disappearance of edema, a decrease in urinary protein excretion to less than 3 g per day, and an increase in the serum albumin concentration to 3.5 g per deciliter or more. Cox regression analyses (Table 4) indicated that the relative risk of progression to end-stage renal failure was four times as high among patients who had underlying Crohn's disease or chronic sepsis as among those who did not (P = 0.01 and P = 0.006, respectively) and two times as high among patients who had hepatic amyloid deposits at baseline as among those who did not (P = 0.04). The relative risk of progression to end-stage renal failure was also increased among patients whose renal function was relatively worse at baseline, with an increase by a factor of 5 for each doubling of the baseline serum creatinine concentration (P<0.001).
Five patients had a very rapid and striking relapse of proteinuric renal dysfunction when there was a flare of inflammatory disease activity during follow-up. For example, the amyloid-related nephrotic syndrome resolved gradually over a period of 4 years in a patient whose underlying rheuma-toid arthritis was in sustained complete remission, yet when an intense acute-phase reaction associated with community-acquired pneumonia developed in this patient, the nephrotic syndrome recurred within 2 weeks. Her renal function normalized again during the ensuing 2 years.
Dis cus sion
This study involving patients with AA amyloidosis included specific quantitative measurements of the whole-body amyloid burden on SAP scintigraphy and the circulating AA amyloid fibril precursor SAA. Observations that challenge the still widespread perception of amyloidosis as an inexorably progressive disease include the demonstration that AA amyloid deposits often regress and that survival is prolonged in patients in whom the circulating SAA concentration remains at low values.
Although the spleen, adrenal glands, liver, and gut are frequent sites of AA amyloid deposition, renal involvement dominated the clinical course in the patients in this study. Evidence of amyloid cardiomyopathy and autonomic neuropathy were extremely rare, as compared with previously reported series. 20,21 None of the patients had clinically significant liver amyloidosis; furthermore, nearly one third of the patients with an elevated serum alkaline phosphatase concentration, which has been suggested as a marker of hepatic amyloid by an international consensus panel, 17 had no evidence Factors associated with a poor prognosis included older age, a reduced serum albumin concentration, end-stage renal failure at baseline, and the degree by which the SAA concentration was elevated during follow-up. Increased production of SAA was the most powerful risk factor for endstage renal failure and death, but it is also one that may be ameliorated through antiinflammatory treatment.
Despite the high correlations among SAA production, amyloid burden, and renal function overall within the cohort, the association between the median SAA concentration and the status of the amyloid deposits did differ among individual patients (Fig. 1) . Thus, although amyloid deposits regressed in about 60% of patients whose median SAA concentration was less than 10 mg per liter, the deposits were stable in the remainder. Similarly, although the amyloid deposits progressed in all patients whose median SAA concentration was more than 120 mg per liter, deposits among individual patients with moderately elevated SAA concentrations were stable, regressed, or progressed. The efficiency with which SAA is converted into amyloid or the rate at which amyloid deposits are turned over within the tissues, or both, may differ from patient to patient, although neither mechanism has been elucidated.
There were also differences between individual patients in the relationship between amyloid burden and renal function. Renal function improved in 17 patients in whom the amyloid burden was merely stable, and it deteriorated in 15 patients in whom amyloid deposits regressed. The basis for renal recovery in association with a stable amyloid burden and a low SAA concentration is unknown. However, progressive kidney dysfunction in patients in whom the amyloid deposits regressed was undoubtedly influenced by additional renal insults, including drugs, sepsis, hypovolemia, and hypertension, as well as by the extent of irreversible renal damage occurring before diagnosis. Discrepancies between the course of the amyloid deposits and the direction of change in organ function are salient reminders that the molecular mechanisms of tissue damage in amyloidosis actually remain little understood.
In contrast to the improvement in amyloidassociated renal dysfunction after successful antiinflammatory therapy that typically took months to years, the relapse of renal dysfunction after renewed inflammatory disease activity could be remarkably rapid. This finding probably reflects the conversion of abundant SAA into its fibrillar form on a template of residual amyloid deposits. This finding is reminiscent of the long-recognized phenomenon of the "amyloid-enhancing factor" that has been observed in experimentally induced murine AA amyloidosis, in which substantial amyloid deposits can develop in less than 24 hours in mice injected with ex vivo amyloid material and subsequently given an inflammatory stimulus. 22, 23 Treatment of AA amyloidosis depends on control of the underlying inflammatory disorder. Successful pharmacologic approaches in our patients ranged from nonspecific immunosuppression for those with inflammatory arthritis treated with chlorambucil 24 to highly specific inhibition of interleukin-1 for those with the Muckle-Wells syndrome (an autosomal dominant fever syndrome characterized by urticaria, progressive perceptive deafness, and amyloidosis). 25 Surgical treatments included excision of solitary cytokine-secreting Castleman's tumors (angiofollicular lymph-node hyperplasia) 26 and amputation of osteomyelitic limbs. Surprisingly, 23 patients (6%) who presented with AA amyloidosis had clinically covert inflammatory disease that could not be characterized. The majority of these patients had been presumed by their referring physicians to have primary AL amyloidosis, yet on immunohistochemical testing, we confirmed AA amyloid in all of them. Antiinflammatory treatment must be empirical in such patients but should be guided, we believe, as in all patients with AA amyloidosis, by frequent measurement of SAA concentrations. 27 In conclusion, AA amyloidosis usually presents with proteinuric renal dysfunction, for which patients with chronic inflammatory disorders should be evaluated routinely. The period of latency between the onset of inflammation and clinical presentation with AA amyloidosis appears to vary and is often prolonged, but the progression of amyloid can be rapid. In the present study, decreased production of SAA was associated with a favorable renal outcome, stabilization or regression of amyloid deposits, and prolonged survival.
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